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Introduction 

The key to accurate predictions of rotorcraft aerodynamics, acoustics, and dynamics 
lies in the accurate representation of the rotor wake. The vortical wake computed by 
rotorcraft CFD analyses typically suffer from numerical dissipation before the first blade 
passage. With some a priori knowledge of the wake trajectory, grid points can be 
concentrated along the trajectory to minimize the dissipation. Comprehensive rotorcraft 
analyses based on lifting-line theory rely on classical vortex models and/or semi-empirical 
information about the tip vortex structure. Until the location, size, and strength of the 
trailed tip vortex can be measured over a range of wake ages, the analyses will continue to 
be adjusted on a trial and error basis in order to correctly predict blade airloads, acoustics, 
dynamics, and performance. Using the laser light sheet technique (Refs. 1-2), tip vortex 
location can be acquired in a straightforward manner. Measuring wake velocities and vortex 
core size, however, has been difficult and tedious using point-measurement techniques 
such as laser velocimetry. Recently, the Particle Image Velocimetry (PIV) technique has 
proven to be an efficient method for acquiring velocity measurements over relatively large 
areas and volumes of a rotor wake (Refs. 3-8). The work reported to date, however, has 
been restricted to 2-component velocity measurements of the rotor wake. 

Three-component velocity measurements of a hovering rotor wake were acquired at 
NASA Ames Research Center in May 1999. This experiment represents a major step 
toward understanding the detailed structure of a rotor wake. This paper will focus primarily 
on the experimental technique used in acquiring this data. The accuracy and limitations of 
the current technique will also be discussed. Representative velocity field measurements 
will be included. 


Model Description 

Figure 1 shows the two-bladed rotor and test stand used in this experiment, which 
was conducted at NASA Ames in the U.S. Army Aeroflightdynamics Directorate Hover 
Test Chamber. The rotor diameter was 7.5 ft and the blades were rectangular with a chord 
of 7.5 inches. The outer 50 percent of each untwisted aluminum blade has a NACA 0012 
profile; the profile linearly tapers to a NACA 0020 profile from 0.5R to 0.2R. The 


collective pitch of the blades was manually adjusted. The rotor hub was aDDroximatelv r ft 
above the chamber floor. The test stand was powered by two ii elS? jhi 
S° r f WaS * a ne gative collective pitch to minimize recirculation in the chamber 

un rotor thrust downward and the wake converted upward. Two large roll- 

up doors on opposite sides of the chamber were raised slightly to allow the rotor to draw in 
air from the outside. The wake was exhausted through In aLulus in the ch^iSr ceding 

t0 i* e e . xte "P r though openings near the top of the chamber. The height of the 
chamber ceiling is adjustable and was located approximately 6 ft above the rotor hub A 

Was USed by Rcf ' 9 ' Which ^ rotor 


Laser and Camera Installation 

Figure 2a) provides a schematic of the test set-up. Since the rotor was thrusting 
a verU P al la f er sheet was formed above the rotor to capture images of the wake 8 
Was f projected along the trailing edge of the reference blade when the blade was 

a refer 2 lce P° Sltlon - Two Kodak ES 1.0 double-exposure cameras were dacedL 
a photogrammetnc stereoscopic anangement. The time between image pairs P W as 30 

rmn^ocaTlens rHI? was . 15 Pf* ** second - Each Camera used a 55 
ran local lens. Figure 2b) shows a view of the sheet from one of the two cameras The 

onff« W T?,e 8 ^m erated USing 3 Spectra Physics dual NdrYAG 380 mJ laser and cylindrical 
opUcs. The image area was approximately 12 inches high and 18 inches wide A Corona 

Integrated Technologies smoke generator was used to seed the flow The smoke generator 
Sle“f ™S e „„ h s 0Ver Chan,ber a ” d emitted P”*** » average 

s 

eliminated from the camera view. The final paper will discusTin detail th^^r^tiv^ 
correction, Scheimpflug focussing condition, the image calibration technique, and the high- 
resolution correlation algorithm (Ref. 10) used to process the images. ' 8 

Test Conditions 

rotor speed was limited by the frequency range of the ta«»r Mas i_r_ \ 
data were squired at a rotor speed of 870 ipm 8 Since a rotor balance was not 
seSS? T? S teS fi a 11111181 condition matching the condition tested in Ref 9 was 

a1Sto^c^0^* C, ' Ured fM -* ^ •“* —ponds ,o 

Five hundred image pairs were acquired in increments of 50 image pairs at earh 
wake age. Image pans were acquired from 0 to 270 deg of wake age in increments of 15 

F^ S 3 A s rr , a am0U ? t °f data Were ^ ac< i uired for smaller increments of wi&e age 
Figure 3 shows an instantaneous image of a 3-component velocity vector field The 

addition ^ 0rt,CUy ‘ Fig , \ * e ti P vortex f «>m each blade is clearly seen. In 

additiomthe shed sheet associated with. the lower vortex (aged 30 deg) is visible/ 

e complete paper will present additional details of the experimental techniaue and 

bT^hown 0655108 ^ g0nthm ' Instant aneous and ensemble averaged velocity fields will also 
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Figure 3. Instantaneous 3-component velocity field with vorticity contours (CT=0.005, 
RPM=870). 



